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Using a bromobimane fluorescent label the il4,3 1000 protein band oligomycin-sensitive (OS)-ATPase from 
beef heart mitochondria is shown to become much intensified by 2-mercaptopropionylglycine. In the 
presence of 3.5 nmol/mg protein of the thiol reagent ATP-Pi exchange activity is increased by 90%. With 
the fluorescent crosslinking reagent dibromobimane (DB) we show that a new fluorescent peak appears 
between Mr 50000 and 60000. ATP-Pi exchange is very much decreased by DB. The results suggest hat 
for regulation of ATP-synthetase activity sulfhydryl groups in the region of the I%& 31000 protein(s) play 
an important role. 
Mitochondrial OS-ATPase Bromobimane labeling Crosslinking M, 31000 protein(s) 
1. INTRODUCTION 2. MATERIALS AND METHODS 
Discussion about the significance of the A4, 
31000 protein(s) from oligomycin-sensitive (OS)- 
ATPase for ATP-synthetase activity is still con- 
troversial [l-3]. This heterogeneous protein band 
is present in some of the OS-ATPase preparations 
[1,3,4] but in others [2] it is absent. It has been 
claimed that ATP-Pi exchange still occurs, even in 
its absence [2]. Activity of the exchange, was, how- 
ever, low compared to a preparation exhibiting a 
very prominent band at Mr 31000 [3]. 
2.1. Isolation of beef heart mitochondria 
Beef heart mitochondria were isolated and sub- 
mitochondrial particles were prepared as in [4,7]. 
Protein was determined according to [8]. 
2.2. Preparation of OS-ATPase 
Due to our crosslinking studies using diepoxybu- 
tane [5] it was suggested that dimers of the M, 
31000 protein band are formed, probably in- 
volving sulfhydryl groups. Since these dimers of M, 
-60000 were concealed in the bulk of CY- and 
P-subunits of the OS-ATPase, they could not be 
shown in the gel electrophoresis after staining with 
protein reagent. 
OS-ATPase was prepared according to [4], omit- 
ting the sucrose gradient step. The final pellets of 
the ATPase were suspended in a buffer containing 
10 mM triethanolamine-HCI, 0.4 mM EDTA, 
1 .O mM MgS04, and 50 mM sucrose, adjusted 
with KOH to pH 7.5 and stored at -80°C; protein 
was 30-40 mg/ml. 
2.3. Fluorescent labeling using monobromobimane 
(MB) 
This paper attempts to clarify some of the in- 
triguing aspects concerning the M, 3 1000 protein(s) 
using bromobimanes [6] as sulfhydryl reagents. 
Protein (2.5 mg) was incubated in 5OOpl final 
vol. of 1OmM Tris-sulfate (pH7.5), 0.5mM 
EDTA, 1 .O mM MgS04, 50 mM sucrose at pH 7.5 
and 20°C. After 2 min 30 PM (1.5 ~1 of a 10 mM 
aqueous solution) of 2-mercaptopropionylglycine 
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(MPG) was added, 1 min later 10 ,uM of monobro- 
mobimane (MB) (0.83 ,~l of a 6 mM solution in 
acetonitrile). The same amount of acetonitrile was 
also added to the controls without MB. Thereafter 
incubation at 20°C was done for 30 min. Sub- 
sequently, 20 mg sodium dodecylsulfate (SDS), 
100 ~1 0.5 M NaPi (pH 7), 100,~l glycerol and 
15 ~1 mercaptoethanol was added to the samples. 
The material (25 ~1) was layered on top of the slab 
gels for electrophoresis. 
2.4. Fluorescent labeling with the crosslinking 
reagent dibromobimane (DB) 
The incubation was similar to the procedure 
above under MB labeling. In cases, where N-ethyl- 
maleimide was added (2.5 ~1 of a 10 mM aqueous 
solution = 300 ,uM) the preceding incubation at 
20°C was 2 min. Specificity of the bromobimanes 
for sulfhydryl groups is indicated by the fact that 
after pretreatment of the ATPase with N-ethyl-mal- 
eimide and subsequent treatment with DB nearly no 
fluorescence appeared on the gels (not shown). 
After 1 min, dibromobimane (2.5 ,~l = 300 ,uM, 
dissolved with acetonitrile) was added. Controls 
were treated with the same amount of acetonitrile. 
After further incubation for 30 min, additions were 
carried out similar as above under MB labeling, to 
prepare the samples for electrophoresis. 
2.5 SDS-Polyacrylamide gel electrophoresis 
Gradient slab gel electrophoresis was performed 
with 5-15% gels. Electrode buffer: 50 mM Tris, 
0.38 mM glycine, 0.1% SDS, 2 mM EDTA 
(pH 8.8). About 80-100 pg protein was applied to 
the gels. Electrophoresis was carried out at a con- 
stant current of 30 mA, for -2 h. Fixation, 
staining and destaining of the gels was performed 
in the same system of 25% methanol, 10% acetic 
acid, 65% HzO. Serva Blau R Puriss 0.05% was 
added to that system for staining. 
2.6. Scanning of-fluorescent and ofprotein-stained 
bands 
We used a Zeiss spectrophotometer M4QII1, 
equipped with a SP 4100 computing integrator, 
Spectra Physics (Santa Clara CA). The light path 
was arranged for remission measurement techni- 
que at an estimated angle of 90”. The gels were 
placed between two glass plates and scanned with 
a drive of 2 cm/min. 
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(i) The unstained but bromobimane-labeled gels 
were excited with monochromator-filtered 
light at 385 nm and the emitted light was fil- 
tered with a cut-off filter at 430 nm. 
(ii) The subsequently stained gels were irradiated 
with monochromator-filtered light at 560 nm 
and the remitted light was measured. 
2.7, Estimation of ATP-Pi exchange activities 
ATP-Pi exchange activities were measured 
following [4] as modified [9]. Finally we added to 
the incubation medium 1 .O mM ATP and 0.5 mM 
ADP together with Pi and 32P as in [3]. 
2.8. Substances 
MB and DB were obtained from Calbiochem 
(Giessen), 32P (10 mCi/ml diluted HCI) was pur- 
chased from Buchler-Amersham (Braunschweig). 
Fig. 1, Monobromobimane fluorescence of OS-ATPase: 
(A) protein-stained control experiment measured at 
560 nm; (B) fluorescence of the gel shown above, 10 gM 
MB; (C) fluorescence of a gel from OS-ATPase in pre- 
sence of 30 PM MPG, thereafter 10 yM MB was added. 
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3. RESULTS 
Results obtained with monobromobimane are 
presented in fig. 1. We find that particularly pro- 
tein of A4,29-31 x lo3 is labeled. Moreover, some 
label is also found at M, 50-60 x lo3 and M, 
7-15 x 103. In presence of 30 pM 2-mercaptopro- 
pionylglycine these peaks become intensified (fig. 
1C). 
Crosslinking the OS-ATPase by 300 ,uM of di- 
bromobimane is shown in fig. 2. Fluorescence now 
appears mainly at M, 50-60 x 103, while the fluor- 
escence in the Mr 29-31 x lo3 protein is very much 
decreased. This indicates the crosslinks have been 
formed between proteins of M, 29-31 x 103. This 
dimerization becomes even more evident in pre- 
Fig. 2. Dibromobimane fluorescence of OS-ATPase: (A) 
protein-stained control experiment measured at 560 nm; 
(B) protein-stained experiment in presence of 300 PM 
DB; (C) fluorescence of (B); (D) protein-stained experi- 
ment after addition of 0.5 mM ATP to the OS-ATPase, 
thereafter 3OOgM DB was added; (E) fluorescence of(D). 
Table 1 
ATP-Pi exchange activities of OS-ATPase 
Addn. [Reagent] % Control 
activity= 
nil 100 
MB 10 pM 98 
MB 300 ,uM 34 
DB 300 pM 37 
Oligomycin 10 sg/mg protein 29 
FCCP 1~lM 34 
MPG 1 nmol/mg protein 139 
MPG 2 nmol/mg protein 171 
MPG 3.5 nmol/mg protein 193 
MPG 7 nmol/mg protein 93 
MPG 14 nmol/mg protein 101 
a Control activity was 235 nmol . mint. mg protein-’ 
sence of 0.5 mM ATP: The rest of fluorescence in 
the M, 29-31 x lo3 region nearly vanishes while 
the peak at Mr 50-60 x lo3 appears somewhat 
broadened (cf. fig. 2B with D, fig. 2C with E). 
The intense fluorescent peak at M, - 15 000 is, 
presently, not interpretable. Though no protein 
counterpart is visible, nevertheless a non-stainable 
protein might exist. 
Table 1 exhibits the results obtained for ATP-Pi 
exchange experiments in presence of different re- 
agents. While 10pM of MB did not alter the 
exchange rate, 3OOpM of DB and MB as well 
resulted in significant decreases of the exchange. 
Similar decreases were observed in presence of 
oligomycin and FCCP. MPG, by contrast, in- 
creased the exchange rate by -4O-90% in a con- 
centration-dependent manner. 
4. DISCUSSION 
By means of the fluorescent SH-reactive bromo- 
bimanes we obtain evidence for reaction with pro- 
tein at M, 29-31, 50-60 and 7-15 x 103. Changes 
in these regions of the OS-ATPase molecule may 
be interrelated. With MB, fluorescence is most 
prominent in the M, 29-31 x lo3 protein(s). This 
domain as well as that in the low-M, range, became 
increased in protein-staining intensity by MPG 
[7,10]. It was also suspected that protein of M, 
29-31 x lo3 could dimerize to Mr 50-60 x lo3 [5]. 
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However, this never could be positively demon- 
strated, because of the high amount of protein in 
the a-, P-region of the ATPase. 
Using the bifunctional label DB, we are now able 
to show high fluorescence intensity at M, 
50-60 x 103, and only low fluorescence in the M, 
29-31 x lo3 range. This rest intensity could be- 
come further diminished by 0.5 mM ATP. It is 
known, that ATP-Mg2+ (ADP) unmasks reactive 
SH-groups [ 1 l-l 31 which probably are interrelated 
with the adenine nucleotide translocase [141. How- 
ever, uncoupler binding protein(s) [15] and Pi 
translocator [ 16,171 may contribute here. Further 
work on the interrelations and composition of the 
heterogeneous protein band at Mr 29-31 x lo3 is 
necessary. 
This is the first direct evidence for dimerization 
of the M, 29-3 1 x lo3 protein(s) to M, 50-60 x lo3 
within the OS-ATPase complex. 
ATP-Pi exchange further underlines the impor- 
tance of SH-groups for ATP-synthesis: While in 
presence of the bromobimanes the exchange 
activity decreased to -35% of the control activity, 
with the thiol reagent MPG we obtained increases 
of the exchange by -40~90%. 
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